Introduction
============

Bladder cancer (BC) is the fourth most common cancer type in men in the United States and causes \~150,000 cases of mortality annually worldwide; therefore, it is increasingly becoming a pressing health problem ([@b1-ijmm-44-02-0683],[@b2-ijmm-44-02-0683]). Approximately 75% of cases are non-muscle-invasive BC (NMIBC; type Ta, T1), which are usually treated with the transurethral resection of the bladder tumor followed by intravesical chemotherapy ([@b3-ijmm-44-02-0683]). Although patients with NMIBC have a high survival rate, unfortunately, \~50% of these patients recur and 20% progress to muscle-invasive BC ([@b4-ijmm-44-02-0683]). Tumor types at high risk of recurrence and progression, therefore, require neoadjuvant treatment ([@b5-ijmm-44-02-0683]). In addition to chemotherapy, at present, intravesical bacillus Calmette-Guérin (BCG) immunotherapy is also used for these patients to prolong the time of recurrence and progression. Nevertheless, intravesical BCG immunotherapy is associated with a number of side effects. In addition to this, 30-80% of patients treated with this therapy still recur ([@b6-ijmm-44-02-0683]).

It has been reported that the expression of cyclooxygenase-2 (COX-2) is associated with a high tumor grade and stage in BC ([@b7-ijmm-44-02-0683],[@b8-ijmm-44-02-0683]). Celecoxib, a selective COX-2 inhibitor, was produced for pain relief and anti-inflammation, and is now also used for suppressing tumor proliferation and invasion. It has been also reported that celecoxib inhibits growth, induces apoptosis and reverses the epithelial-to-mesenchymal transition (EMT) of BC cells ([@b9-ijmm-44-02-0683],[@b10-ijmm-44-02-0683]). Furthermore, the combination of celecoxib with BCG is more effective compared with BCG alone in a model of urothelial cell carcinoma ([@b11-ijmm-44-02-0683]). However, the precise mechanisms of celecoxib in BC cells remains unknown.

MicroRNA (miRNA/miR) are a group of single-stranded noncoding small RNAs that participate in posttranscriptional gene regulation through inducing the degradation of target mRNAs by binding to the 3′ untranslated region of mRNAs ([@b12-ijmm-44-02-0683]). Emerging evidence indicates that the dysregulation of miRNA expression contributes to tumor initiation, proliferation, invasion and metastasis ([@b13-ijmm-44-02-0683]). Celecoxib has been reported to reverse the EMT of BC cells ([@b9-ijmm-44-02-0683],[@b10-ijmm-44-02-0683]). However, the underlying molecular mechanisms by which celecoxib inhibits EMT in BC cells have not been identified. Whether celecoxib could inhibit EMT via regulating the expression of miRNAs in BC remains largely unknown. The present study aimed to investigate the role of celecoxib on cancer progression and miRNA expression in BC.

Numerous studies have revealed that the combination of celecoxib with other agents may have synergistic anti-cancer effects in a number of different cancer types ([@b14-ijmm-44-02-0683]-[@b16-ijmm-44-02-0683]). To the best of our knowledge, no studies have previously reported the effect of the combination of celecoxib and miRNAs in BC. In the present study, the anticancer effect of celecoxib combined with miR-145 on the progression of BC was determined.

Materials and methods
=====================

Cell culture and treatment
--------------------------

Human BC cells of the 5637, J82 and T24 cell lines, and the SV-HUC-1 human immortalized uroepithelium cell line, were purchased from the Cell Bank of Type Culture Collection of the Chinese Academy of Sciences, Shanghai Institute of Cell Biology (Shanghai, China). 5637, J82 and T24 cells were maintained in RPMI-1640 (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and SV-HUC-1 cells were cultured in F-12K medium (Gibco; Thermo Fisher Scientific, Inc.). Media were supplemented with 10% heat-inactivated fetal bovine serum (FBS; Hyclone; GE Healthcare Life Sciences, Logan, UT, USA), 100 U/ml penicillin and 100 *µ*g/ml streptomycin at 37°C in a humidified incubator with 5% CO~2~. Cells of the 5637 and T24 cell line were exposed to 60 or 80 ng/ml celecoxib (PeproTech, Inc., Rocky Hill, NJ, USA) for 48 h at 37°C in an atmosphere containing 5% CO~2~. Cells treated with dimethyl sulfoxide alone were used as controls.

Transfection
------------

Cells of the 5637 and T24 cell line were plated in 6-well plates at a density of 2×10^5^ per well. The has-miR-145-5p inhibitor, mimic and negative control (NC) were obtained from Guangzhou RiboBio Co., Ltd. (Guangzhou, China). The sequence of miR-145-5p mimics and miR-145-5p inhibitors was 5′-GUCCAGUUUUCCCAGGAAUCCCUGGAUUCCUGGGAAAACUGGACUU-3′ and 5′-AGGGAUUCCUGGGAAAACUGGAC-3′, respectively, and that of the negative control was 5′-UUC UCC GAA CGU GUC ACG UTT-3′. Target Scan Human 7.2 ([www.targetscan.org/vert_72](http://www.targetscan.org/vert_72)) was used to identify the predicted target of miR-145-5p ([@b17-ijmm-44-02-0683]). When the 5637 and T24 cells were grown to 60-70% confluence, the cells were transfected with 20 or 40 nM miR-145-5p mimics or 40 nM inhibitors using Lipofectamine™ 2000 transfection reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and Opti-MEM medium (Gibco; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocol. A total of 6 h following transfection, the medium was replaced with fresh medium containing 10% FBS. Cells were then incubated for 48 h at 37°C in an atmosphere containing 5% CO~2~.

RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis
--------------------------------------------------------------------------------------------------

At 48 h following transfection or celecoxib treatment, total RNA was extracted from T24 and 5637 cells using TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc.) for 5 min at room temperature. cDNA was synthesized using a Takara PrimeScript RT reagent kit (Takara Biotechnology Co., Ltd., Dalian, China) according to the manufacturer\'s protocol and specific miR-145 primers from the Bulge-Loop™ hsa-miR-145-5p RT-qPCR Primer Set (Guangzhou RiboBio Co., Ltd.) were used for miRNA quantitative analysis. RT-qPCR was performed using a SYBR Premix Ex Taq kit (Takara Bio, Inc., Otsu, Japan) in the ABI PRISM 7500 real-time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.) using 400 ng total RNA. PCR reaction conditions were performed as follows: 95°C for 2 min, followed by 40 cycles at 95°C for 15 sec, 60°C for 30 sec and 72°C for 30 sec. The RT-qPCR results were normalized against an internal control (U6 for miR-145, GAPDH for mRNA) and the relative expression levels were evaluated using the 2^−∆∆Cq^ method ([@b18-ijmm-44-02-0683]) and then expressed as the fold change. All reactions were performed at least in triplicate. The oligonucleotide sequences of the RT-qPCR primers are listed in [Table I](#tI-ijmm-44-02-0683){ref-type="table"}.

Western blot analysis
---------------------

Total proteins from the 5637 and T24 cells were prepared using RIPA lysis buffer (Beyotime Institute of Biotechnology, Jiangsu, China). Proteins were quantified using a Pierce BCA protein Assay kit (Thermo Fisher Scientific, Inc.), followed by western blot analysis. Proteins from cell lysates (40 *µ*g) were subjected to 12% SDS-PAGE. Once the blots were transferred to a polyvinylidene difluoride membrane, they were blocked for 2 h in 5% skimmed milk in Tris-buffered saline with Tween^®^-20 at room temperature. Subsequently, antibodies targeting GAPDH (cat no. ab8245; 1:1,000; Abcam, Cambridge, UK), COX-2 (cat no. 12282; 1:1,000; CST Biological Reagents Co., Ltd., Shanghai, China) Vimentin (cat no. ab32131; 1:500; Abcam), E-cadherin (cat no. 3195; 1:1,000; CST Biological Reagents Co., Ltd.), Smad3 (cat no. 9523; 1:1,000; CST Biological Reagents Co., Ltd.) and TGFBR2 (cat no. 79424; 1:1,000; CST Biological Reagents Co., Ltd.) were used to incubate the membranes overnight at 4°C, followed by a horseradish peroxidase-labeled goat anti-rabbit secondary antibody (cat no. ab6721; 1:5,000; Abcam; 1.5 h incubation at room temperature). Protein bands were visualized by enhanced chemiluminescence (cat. no. WBKLS0500; EMD Millipore, Billerica, MA, USA). Image J 1.45 software (National Institutes of Health, Bethesda, MD, USA) was used to perform densitometry analysis of each band.

Cell viability assay
--------------------

The effects of celecoxib on the viability of 5637 and T24 cells were assessed using a Cell Counting Kit-8 (CCK-8) detection kit (Nanjing Keygen Biotech Co., Ltd., Nanjing, China). Cells in the exponential growth phase were seeded into a 96-well plate at a density of 6,000 cells per well. After 24 h, celecoxib (0-300 *µ*M) was added to the medium. The cells were incubated at 37°C for 48 h, then CCK-8 solution was added and the plate was incubated at 37°C for 2.5 h. Absorbance was measured at a wavelength of 450 nm with a TECAN SPARK 10M Microplate Reader (Tecan Group, Ltd., Männedorf, Switzerland). Cell viability was expressed as a percentage of absorbance in the treated wells compared with that of the untreated (control) wells. Each experiment was performed in triplicate and repeated at least three times.

Cell migration and invasion assays
----------------------------------

Cell migration was determined using a wound healing assay. Cells of the 5637 and T24 cell lines were treated with celecoxib, transfected with miR-145 mimic or non-target control for 24 h, and then seeded in 6-well plates. A wound (\~300 *µ*m) was made by scratching the monolayer with a 10 *µ*l pipette tip. The wounded monolayer was then washed three times with phosphate buffered saline to remove cell debris and treated with celecoxib for 24 h. Subsequent to scratching, the area of the cell-free scratch was photographed using a Olympus CKX41 inverse light microscope (Olympus Corporation, Tokyo, Japan) at 0 and 24 h. Cell invasion capacities were measured using a Transwell assay (Corning Incorporated, Corning, NY, USA). The Transwell assay was performed using a 24-well Transwell chamber (pore size, 8 *µ*m; Corning Incorporated). Cells of the 5637 and T24 cell lines were treated with celecoxib and/or transfected with miR-145 inhibitor, mimic or negative control for 24 h. Subsequently, a total of 8×10^4^ cells/well were seeded in the upper chamber of the Transwell system. The upper chamber of the insert was precoated with 0.1 ml (300 *µ*g/ml) Matrigel matrix (Corning Incorporated) for the invasion assay. The invaded cells on the underside of the membrane were then counted. In this assay, prepared cells were seeded in the upper chamber with serum-free RPMI-1640 medium and the medium of the lower chamber was supplemented with 10% FBS as a chemoattractant. Following incubation for 24 h, the cells were fixed using 4% formaldehyde at 37°C for 30 min. Cells not invading through the pores were removed using a cotton swab. Cells that had invaded to the lower surface of the membrane were stained using crystal violet at room temperature for 15 min. Finally, five representative fields at a magnification of ×100 were randomly imaged and quantified for each well using the Olympus CKX41 inverse light microscope.

Statistical analysis
--------------------

All data are presented as the mean ± standard deviation in at least three replicates per group. Statistical analysis was performed to determine the significance of the difference between groups using one-way analysis of variance followed by post hoc Turkey\'s honest significant difference test, or a Student\'s t test. All statistical analyses were performed using GraphPad Prism 7.00 software (GraphPad Software, Inc., La Jolla, CA, USA) for Windows. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

Celecoxib inhibits the viability, migration, invasion and EMT of BC cells
-------------------------------------------------------------------------

To investigate the function of celecoxib in BC cells, two BC cell lines, 5637 and T24, were selected to undertake cell viability, wound healing and Transwell assays. As presented in [Fig. 1A](#f1-ijmm-44-02-0683){ref-type="fig"}, consistent with the results of a previous study, celecoxib inhibits the growth of 5637 and T24 cells ([@b10-ijmm-44-02-0683]). Additionally, following stimulation with 60 *µ*M celecoxib for 24 h, there were significantly fewer cells invading to the lower surface compared with the control group (P\<0.05; [Fig. 1B](#f1-ijmm-44-02-0683){ref-type="fig"}) and less wound healing compared with the control group ([Fig. 1C](#f1-ijmm-44-02-0683){ref-type="fig"}). The present study then evaluated the expression of COX-2 in 5637 and T24 cells following celecoxib treatment. As presented in [Fig. 2A](#f2-ijmm-44-02-0683){ref-type="fig"}, celecoxib downregulated the expression of COX-2. Furthermore, it was detected that the mRNA and protein expression levels of the EMT-associated molecule, E-cadherin, an epithelial marker, significantly increased, whereas the expression levels of the mesenchymal marker, Vimentin, significantly decreased in 5637 and T24 cells following 24 h treatment with 60 or 80 *µ*M celecoxib compared with the control group (P\<0.05; [Fig. 2B-D](#f2-ijmm-44-02-0683){ref-type="fig"}). Hence, the results of the present study indicated that celecoxib inhibits the proliferation, migration, invasion and EMT of BC cells.

miR-145 increases with celecoxib treatment in BC cells
------------------------------------------------------

EMT is thought to serve a key function in the invasion and metastasis of numerous tumor types ([@b19-ijmm-44-02-0683]). A body of literature has revealed that miRNAs have been implicated in the regulation of a variety of cellular functions and biological alterations including EMT ([@b20-ijmm-44-02-0683]-[@b22-ijmm-44-02-0683]). miR-145 is a regulator of EMT in numerous cancer types ([@b23-ijmm-44-02-0683]-[@b26-ijmm-44-02-0683]) including BC ([@b27-ijmm-44-02-0683]). It was revealed, in the present study, that the relative expression levels of miR-145 were significantly downregulated in BC cells compared with the control cells (P\<0.05; [Fig. 2E](#f2-ijmm-44-02-0683){ref-type="fig"}). Additionally, the levels of miR-145 in 5637 cells were higher compared with T24 cells. Notably, the expression of endogenous E-cadherin in 5637 cells has also been demonstrated to be greater compared with T24 cells ([@b28-ijmm-44-02-0683]-[@b30-ijmm-44-02-0683]). These results suggest that miR-145 may be a suppressor of EMT in BC cells. To investigate the molecular mechanism by which celecoxib reverses EMT in BC cells, the present study examined the levels of miR-145 in BC cells following treatment with celecoxib. Interestingly, as presented in [Fig. 2F-G](#f2-ijmm-44-02-0683){ref-type="fig"}, celecoxib significantly increased the expression of miR-145 in 5637 and T24 cells in a time- and dose-dependent manners (P\<0.05). This suggests that celecoxib may directly affect the transcriptional expression of miR-145, and not merely select for resistant populations that are inherently E-cadherin and miR-145 positive.

miR-145 is required for the celecoxib-mediated inhibition of EMT
----------------------------------------------------------------

Initially, the effect of the transfection of miR-145 mimics and inhibitors in 5637 and T24 cells were confirmed using RT-qPCR ([Fig. 3A](#f3-ijmm-44-02-0683){ref-type="fig"}). The present study then determined whether miR-145 was required for the celecoxib-mediated inhibition of EMT. The administration of celecoxib significantly inhibited the invasion ability of miR-NC inhibitor-transfected 5637 cells compared with the negative control group (P\<0.05) but not the miR-145 inhibitor-transfected 5637 cells ([Fig. 3B](#f3-ijmm-44-02-0683){ref-type="fig"}). In addition, the protein levels of E-cadherin were reduced and the Vimentin levels were increased in miR-145 inhibitor-transfected 5637 cells compared with the miR-NC inhibitor-transfected 5637 cells following the administration of celecoxib ([Fig. 3C and D](#f3-ijmm-44-02-0683){ref-type="fig"}).

TGFBR2/Smad3 is the direct target of miR-145
--------------------------------------------

Tumor growth factor β (TGF-β) signaling have emerged as major inducers of EMT, particularly the TGF-β-induced Smad signaling pathway ([@b31-ijmm-44-02-0683]-[@b34-ijmm-44-02-0683]). miR-145 has been reported to affect TGF-β-induced EMT by directly targeting Smad3 and TGFBR2 ([@b24-ijmm-44-02-0683],[@b35-ijmm-44-02-0683],[@b36-ijmm-44-02-0683]). It was hypothesized that this may be the mechanism by which miR-145 mediates the inhibition of EMT induced by celecoxib. The putative targets of miR-145 were predicted by using the TargetScanHuman 7.2 website, and Smad3 and TGFBR2 were identified ([Fig. 4A](#f4-ijmm-44-02-0683){ref-type="fig"}). In addition, the mRNA and protein levels of Smad3 and TGFBR2 in T24 cells were all significantly reduced following the administration of celecoxib and miR-145 overexpression (P\<0.05; [Fig. 4B and C](#f4-ijmm-44-02-0683){ref-type="fig"}).

Celecoxib in combination with miR-145 mimic revealed an additive EMT-suppressing effect
---------------------------------------------------------------------------------------

A previous study demonstrated that celecoxib has potent anti-tumor effects in combination with BCG immunotherapy in an experimental model of murine BC ([@b11-ijmm-44-02-0683]). Another previous study revealed that the intravesical administration of exogenous miR-145 may inhibit tumor growth in mouse orthotopic human BC xenografts ([@b37-ijmm-44-02-0683]). However, to the best of our knowledge, no studies have previously reported the effect of the combination of celecoxib and miR-145 on BC. To understand the efficacy of the combined treatment of celecoxib and miR-145 mimic, the invasion and migration inhibitory effects of the combined treatment of celecoxib and miR-145 mimic on human BC were examined *in vitro.* The data indicated that celecoxib in addition to miR-145 mimics (20 nM) exhibited a significantly stronger anti-invasion and anti-migration ability compared with celecoxib alone (P\<0.05; [Fig. 5](#f5-ijmm-44-02-0683){ref-type="fig"}). Additionally, the expression levels of EMT associated proteins and miR-145 targeted proteins were measured using a western blot assay. The results indicated that celecoxib in combination with miR-145 mimic resulted in a significant increase in E-cadherin expression levels compared with celecoxib or miR-145 mimic alone (P\<0.05; [Fig. 6](#f6-ijmm-44-02-0683){ref-type="fig"}). In contrast, celecoxib and miR-145 mimic in combination resulted in a significant decrease in the expression levels of Vimentin, TGFBR2 and Smad3 compared with celecoxib or miR-145 mimic alone (P\<0.05; [Fig. 6](#f6-ijmm-44-02-0683){ref-type="fig"}).

Discussion
==========

EMT is a basic process in the morphogenesis of various tissues during embryonic development, where cells of epithelial lineage lose epithelial traits, undergo a conversion to a mesenchymal lineage and exhibit reduced intercellular adhesion and increased cell motility ([@b31-ijmm-44-02-0683]). EMT is thought to serve a key function in carcinogenesis and confers metastatic properties by enhancing the mobility and invasion of cancer cells ([@b19-ijmm-44-02-0683]). EMT is also associated with the generation of cancer stem cells, which are closely associated with tumor chemoresistance and recurrence ([@b38-ijmm-44-02-0683]). Celecoxib is a type of nonsteroidal anti-inflammatory drug which is a specific inhibitor of COX-2. One previous study has suggested that celecoxib may inhibit EMT in human BC cell lines ([@b10-ijmm-44-02-0683]). Additionally, the administration of celecoxib may effectively abolish a COX2-mediated wound response gene signature, and diminish the progressive manifestation of chemoresistance in xenograft tumor types ([@b39-ijmm-44-02-0683]). In the present study it was demonstrated that treatment with celecoxib inhibits the invasion, migration ([Fig. 1B and C](#f1-ijmm-44-02-0683){ref-type="fig"}) and EMT ([Fig. 2B-D](#f2-ijmm-44-02-0683){ref-type="fig"}) of BC cells by increasing the expression of miR-145, which has been revealed to influence EMT in numerous tumor types through the direct regulation of a number of genes, including Smad3, N-cadherin and zinc finger E-box binding homeobox 2 ([@b23-ijmm-44-02-0683],[@b25-ijmm-44-02-0683],[@b36-ijmm-44-02-0683]).

miR-145 is a tumor suppressor which is located at the 5p32 chromosomal region, and its expression is controlled by p53 and CCAAT/enhancer-binding protein β through the protein kinase B pathway ([@b40-ijmm-44-02-0683]). Additionally, it has been revealed to be downregulated in numerous cancer types, including gastric cancer ([@b41-ijmm-44-02-0683]), colorectal cancer ([@b42-ijmm-44-02-0683]), lung cancer ([@b43-ijmm-44-02-0683]), prostate cancer ([@b44-ijmm-44-02-0683]) and BC ([@b45-ijmm-44-02-0683]). Of note, decreased levels of miR-145 predicted poor prognosis in patients with BC ([@b46-ijmm-44-02-0683]). As a suppressor miRNA in BC, miR-145 has crucial functions in tumor initiation ([@b47-ijmm-44-02-0683]), growth ([@b48-ijmm-44-02-0683]), invasion ([@b49-ijmm-44-02-0683]), differentiation ([@b50-ijmm-44-02-0683]) and EMT ([@b27-ijmm-44-02-0683]). In the present study, it was revealed that celecoxib upregulates the levels of miR-145 in 5637 and T24 BC cells ([Fig. 2F-G](#f2-ijmm-44-02-0683){ref-type="fig"}). The present study further investigated whether miR-145 mediated the EMT-inhibitory effect of celecoxib in BC. As presented in [Fig. 3A](#f3-ijmm-44-02-0683){ref-type="fig"}, miR-145 inhibitor abrogates the inhibitory effect of celecoxib on the invasion and EMT phenotype of 5637 BC cells, suggesting that miR-145 is a mediator of celecoxib in inhibiting the EMT of BC cells. TGF-β-induced Smad signaling pathways have emerged as major inducers of EMT ([@b31-ijmm-44-02-0683]-[@b34-ijmm-44-02-0683]). miR-145 has been reported to affect TGF-β-induced EMT by directly targeting Smad3 and TGFBR2 ([@b24-ijmm-44-02-0683],[@b35-ijmm-44-02-0683],[@b36-ijmm-44-02-0683]). It was hypothesized that celecoxib inhibits EMT through increasing the expression of miR-145 and downregulating Smad3 and TGFBR2 expression. Celecoxib and miR-145 mimic decreased the expression of TGFBR2 and Smad3 mRNA and protein levels compared with the control groups ([Fig. 4B and C](#f4-ijmm-44-02-0683){ref-type="fig"}). However, the potential mechanisms on how celecoxib regulates the expression of miR-145 are unknown. P53 has been identified to positively regulate miR-145 maturation ([@b51-ijmm-44-02-0683]). Celecoxib was reported to upregulate the expression of p53 in various cancer cell lines ([@b52-ijmm-44-02-0683]-[@b54-ijmm-44-02-0683]). Additionally, c-Myb was demonstrated to regulate the transcriptional activation of miR-143/145 in vascular smooth muscle cells ([@b55-ijmm-44-02-0683]). Previously, Haldar *et al* ([@b56-ijmm-44-02-0683]) reported that the perioperative inhibition of β-adrenergic and COX2 signaling in a clinical trial in patients with breast cancer improves the transcriptome of peripheral blood mononuclear cells (PBMCs) and increases the activity of c-Myb in PBMCs. These results suggest that celecoxib may regulate the expression of miR-145 through p53 and c-Myb.

Previously, Dovedi *et al* ([@b11-ijmm-44-02-0683]) demonstrated that celecoxib has potent anti-tumor effects in combination with BCG immunotherapy in an experimental model of murine BC. Furthermore, the intravesical administration of exogenous miR-145 may inhibit tumor growth in mouse orthotopic human BC xenografts ([@b37-ijmm-44-02-0683]). The present study revealed the additive invasion-suppressing effect following the co-treatment of T24 and 5637 cells with celecoxib and miR-145 mimic ([Figs. 5](#f5-ijmm-44-02-0683){ref-type="fig"} and [6](#f6-ijmm-44-02-0683){ref-type="fig"}). Li *et al* ([@b57-ijmm-44-02-0683]) reported that miR-145 protects cardiomyocytes against hydrogen peroxide (H~2~O~2~)-induced apoptosis through targeting the reactive oxygen species (ROS)-activated mitochondrial apoptotic pathway. However, ROS have been identified to mediate p53/p65/miR-145 expressions in alloxan-diabetic rats ([@b58-ijmm-44-02-0683]). In urothelial carcinoma cell lines, the ectopic expression of miR-145 induced apoptosis characterized by caspase activation ([@b59-ijmm-44-02-0683]). In the present study, it was demonstrated that miR-145 combined with celecoxib exerted a potent invasion-suppressing effect but was not able to counteract the effect of celecoxib ([Figs. 5](#f5-ijmm-44-02-0683){ref-type="fig"} and [6](#f6-ijmm-44-02-0683){ref-type="fig"}). This contradiction may be partly explained by the functional, structural and metabolic differences between mitochondria in malignant and normal cells. Unlike cardiac myocytes, the majority of cancer cells are far less sensitive to the toxicity of ROS ([@b60-ijmm-44-02-0683]).

In conclusion, the present study demonstrated that celecoxib inhibits migration, invasion and EMT partly via the miRNA-145/TGFBR2/Smad3 axis in BC cells. Co-treatment with celecoxib and miR-145 exerted an additive anti-tumor effect by negatively regulating TGF-β signaling pathways in human BC cells, as presented in [Figs. 5](#f5-ijmm-44-02-0683){ref-type="fig"} and [6](#f6-ijmm-44-02-0683){ref-type="fig"}. In a future study, the restoration of miR-145 and an effective drug co-delivery system of celecoxib and miR-145 may be a promising novel approach in BC therapy.
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![Celecoxib inhibits the viability, migration and invasion of bladder cancer cells. 5637 and T24 bladder cancer cells were treated with celecoxib at 0-300 or 60 *µ*M. (A) The cell viability of 5637 and T24 cells was decreased by celecoxib treatment in a concentration dependent manner. Invasion and migration were detected by (B) Transwell assays and (C) wound healing assays, respectively (magnification, ×100). ^\*^P\<0.05 vs. the DMSO group. DMSO, dimethyl sulfoxide; IC~50~, half maximal inhibitory concentration.](IJMM-44-02-0683-g00){#f1-ijmm-44-02-0683}
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Celecoxib inhibits the epithelial-to-mesenchymal transition and upregulates miR-145 in bladder cancer cells. 5637 and T24 bladder cancer cells were treated with DMSO or celecoxib (60 or 80 *µ*M) for 48 h. (A) Protein expression of COX-2 in 5637 and T24 cells subsequent to treatment with celecoxib were detected by western blot analysis. GAPDH was used as an internal control. (B) mRNA expression levels of E-cadherin and Vimentin were examined using RT-qPCR. GAPDH was used as an internal control. (C) Protein expression levels of E-cadherin and Vimentin in 5637 and T24 cells were detected by western blot analysis and (D) quantified. GAPDH was used as an internal control. Celecoxib inhibits the epithelial-to-mesenchymal transition and upregulates miR-145 in bladder cancer cells. (E) Expression levels of miR-145 in bladder cancer cell lines, as detected by RT-qPCR. SV-HUC-1 was used as a normal control. Effect of celecoxib on the expression levels of miR-145 in (F) dose-dependent and (G) time-dependent manners. Expression levels of miR-145 in 5637 and T24 cells following treatment with celecoxib were detected by RT-qPCR. U6 was used as an internal control. The data represent the mean ± standard deviation of three independent experiments. ^\*\*^P\<0.05 vs. the DMSO group. DMSO, dimethyl sulfoxide; COX2, cyclooxygenase-2; miR, microRNA; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
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![miR-145 is required for the celecoxib-mediated inhibition of EMT. (A) Quantified results from reverse transcription-quantitative polymerase chain reaction analysis following the transfection of 5637 and T24 cells with miR-145 mimics and inhibitors. (B) Celecoxib inhibited the invasion of 5637 cells, while miR-145 inhibitor treatment rescued the effect. (C) Alteration of the expression levels of the EMT-associated markers E-cadherin and Vimentin, caused by celecoxib (60 *µ*M) treatment, were rescued by transfection with the miR-145 inhibitor. (D) Statistical analysis of (C). ^\*\*^P\<0.05 vs. miR-NC or the celecoxib (60 *µ*M) + miR-145 inhibitor group. miR, microRNA; EMT, epithelial-to-mesenchymal transition; NC, negative control; DMSO, dimethyl sulfoxide.](IJMM-44-02-0683-g03){#f3-ijmm-44-02-0683}

![TGFBR2/Smad3 is the direct target of miR-145. (A) TGFBR2 and Smad3 was identified as downstream targets of miR-145. (B) T24 cells were treated with celecoxib (60 or 80 *µ*M) or transfected with miR-145 mimic (20 or 40 nM) for 24 h, and the expression levels of TGFBR2 and Smad3 were examined using a reverse transcription-quantitative polymerase chain reaction. GAPDH was used as an internal control. (C) Protein expression levels of TGFBR2 and Smad3 in T24 cells were detected using western blot analysis. GAPDH was used as an internal control. ^\*^P\<0.05 vs. the DMSO or miR-NC mimic group. ^\*\*^P\<0.05 vs. DMSO and celecoxib (60 *µ*M) or miR-NC mimic and miR-145 mimic (20 nM) group. Smad3, SMAD family member 3; miR, microRNA; TGFBR2, transforming growth factor β receptor 2; DMSO, dimethyl sulfoxide; NC, negative control.](IJMM-44-02-0683-g04){#f4-ijmm-44-02-0683}

![Migration and invasion inhibition of bladder cancer cells by the combined treatment of celecoxib and miR-145 mimic. The 5637 and T24 cells were treated with celecoxib (60 *µ*M) at 24 h following transfection with or without miR-NC mimic or miR-145 mimic (20 nM). Migration and invasion of 5637 and T24 cells following the combined treatment of celecoxib and miR-145 mimic were detected by (A) Transwell assays which were (B) quantified and (C) wound healing assays, respectively (magnification ×100). ^\*^P\<0.05 vs. the DMSO and miR-NC mimic group. ^\*\*^P\<0.05 vs. all other groups. miR, microRNA; NC, negative control; DMSO, dimethyl sulfoxide.](IJMM-44-02-0683-g05){#f5-ijmm-44-02-0683}

![Expression of epithelial-to-mesenchymal transition markers and miR-145 targeted proteins in bladder cancer cells at 48 h following transfection with miR-145 mimic (20 nM) or miR-NC mimic and treatment with celecoxib (60 *µ*M) for 24 h, as assessed by western blot analysis. ^\*^P\<0.05 vs. the DMSO and miR-NC mimic group. ^\*\*^P\<0.05 vs. all other groups. miR, microRNA; NC, negative control; DMSO, dimethyl sulfoxide; TGFBR2, transforming growth factor β receptor 2; Smad3, SMAD family member 3.](IJMM-44-02-0683-g06){#f6-ijmm-44-02-0683}

###### 

Oligonucleotide sequences for reverse transcription and polymerase chain reaction amplification.

  Gene                                      Sequence (5′-3′)                                                  
  ----------------------------------------- ----------------------------------------------------------------- ---------------------------
  Vimentin                                  F: ACCGCACACAGCAAGGCGAT                                           R: CGATTGAGGGCTCCTAGCGGTT
  E-cadherin                                F: AGCTGCCCAGAAAATGAAAAAGG                                        R: GTGTATGTGGCAATGCGTTCTC
  Transforming growth factor β receptor 2   F: CTAACCTGCTGCCTGTGTGA                                           R: TCTGGAGCCATGTATCTTGC
  SMAD family member 3                      F: CCATCTCCTACTACGAGCTGAA                                         R: CACTGCTGCATTCCTGTTGAC
  GAPDH                                     F: CATGAGAAGTATGACAACAGCCT                                        R: AGTCCTTCCACGATACCAAAGT
  microRNA-145                              F: GTCCAGTTTTCCCAGG                                               R: GAGCAGGCTGGAGAA
                                            RT primer: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGAACAGT   
  U6                                        F: CGCAAGGATGACACG                                                R: GAGCAGGCTGGAGAA
                                            RT primer: CGCTTCACGAATTTGCGTGTCAT                                

F, forward; R, reverse; RT, reverse transcription.

[^1]: Contributed equally
